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Program Management Office West

33000 Nixie Way, Building 50

San Diego, CA 92147

SUBJECT:  Radiological cleanup standards forseil'and USEPA'PR(G Calculator
Hunters Point Naval Shipyard, $an Francisco, Californig

Dear Mr. Robinson:

The Department of the Navy (“Navy’)) lias established, with tegulatory approval, radiological
Decision (RODs) for all parcels (Parcels B, Ci3:1. D-2) E, Ei2uF, UC“-ml, UC-2, and UC-3) of
the Hunters Point Naval Shipyard (HPNS), San Francisco, Califoria. These Remediation Goals
or release criteria for these RODs are the samie as the release criteria listed in Table 1 of the 2006
Action Memorandum for the HPNS Basewide Radiclegical Resioval Action.

Superfund Regulations in the National Contingency, Plan (NCP) have defined the protective
range of excess:gancer risk'as a ptobability.that a person exposed to radioactive and chemical
contaminants willhave.an additioial one fitieiithousand to a one in a million chance of
developing cancer (technically known as the 10% {6:10° cancer risk range).

The U.S. Environmental Protéction Ageney (USEPA) developed the Preliminary Remediation
Goals (PRGs) for Radionuclides Electronic' Calculator, known as the “PRG calculator” as one
tool for estimating fisk from exposure to radiological contamination. In December, 2016, EPA
updated its soil PRG (alculator, This letter and attachment describe an updated estimate of risk
associated with the Remediation Groals for all Parcels at the Hunters Point Naval Shipyard using
site-specific factors, the appruach recommended in the PRG Calculator User’s Guide. All
Parcels in the HPNS are reqtiired to implement institutional controls that include installing
durable covers and prohibit growing plants for consumption, except in raised planters with
imported soil. The estimates incorporate these protective measures.

Using this realistic scenario, the current version of the soil Rad-PRG calculator estimates that the

that in addition, even if all HPNS RGaCs were present at the Remedial Goal concentrations, the
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total combined risk would also still fall with within the risk range of 10 to 10°. These RG’s
apply to concentrations found above background levels.

The attachment and appendices to this letter gives more details about USEPA’s analysis. Please

contact me at 415-947-4187 or [ HYPERLINK "mailto:lee.lily@epa.gov" | it you would like to discuss
this issue further.

Sincerely,

Lily Fee
Remedial Prgjoct Manager

Attachments

Cc.  Juanita Bacey, State of Californig:Department of Toxic Substances Control
Tina Low, State of California Regional Water Quality:Control Board
Amy Brownell, San Francisco Departiment.of Public Health
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ATTACHMENT

USEPA Region 9 Evaluation of Hunters Point Naval Shipyard Radiation Cleanup
Standards for Seil

1. Introduction and Summary

The Hunters Point Naval Shipyard (HPNS) is a former military base in San Francisco,
California. It was used by the Navy as a naval submarine and ship repair facility from 1945 until
1974 and was also the site of the Naval Radiological Defense Laboratory from 1948 to 1969. In
1989, U.S. EPA placed the Shipyard on its National Priorities List, which is a list of federal
Superfund sites in the United States.

The Navy is the lead agency responsible for the investigation and cleanup of HPNS. As part of
the process, EPA and its regulatory agency partners (e.g., Califorfiia Pepartment of Toxic
Substances Control and Regional Water Quality;Caontrol Board) oversee and enforce Navy
compliance with the Comprehensive Environmental Response, Compensation, and Liability Act
(commonly called the Supertund law) to ensure the cleanup at HPNS protects human health and
the environment. The Navy and regulatory agency partners work together to decide how to
address the contamination. The Navy also gathers community input through a public process.

EPA uses the best available science to develop guidance for cleaning up sites, such as HPNS,
that are contaminated with radioactive materials. EPA’s goal for the HPNS cleanup is to ensure
that the community is prefeited from exposure to radiation and that the site can be used for work,
recreation, and resideptial purposes.

EPA assesses the health ¢ffects of tadiation at a'sife by calculating the “excess cancer risk” posed
by radioactive contamination; Excssicancer risk 1§ the additional probability that a person
exposed tocontainination will develop cancer over'a lifetime. Superfund regulations in the
National:Contingency Plan have defined the protective range of excess cancer risk as a
probability that a person’éxposed to tadioactive and chemical contaminants will have between an
additionaliofie in ten thousand and a onein a million chance of developing cancer (technically
known as the 10 to 10" cancer risk range}; When calculating this range, EPA uses assumptions
about exposure that are much higher than most people’s actual exposure. This means that EPA
overestimates risk'ia most people to make sure that cleanups are sufficiently protective.

EPA reviews the Navy’s ¢ledaniip report for each survey unit (small area of land or part of a
building) of HPNS using the current version of the EPA risk model to make sure that radiation
levels are within the protective 10 to 107 cancer risk range. This ensures that any land that is
transtferred to the City of San Francisco for new use meets appropriate levels for protectiveness
with regard to radiation. In addition to removing radiological contamination above cleanup goals,
the Navy is installing a protective cover over the whole site. The Navy is also developing a plan,
which EPA will review, that ensures the Navy or City will maintain and inspect the cover
indefinitely.

EPA’s risk models have changed over time as radiation science continues to improve. In
addition, Navy cleanup requirements have changed over time. EPA has incorporated the latest
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models and cleanup requirements into its review process to ensure the HPNS cleanup continues
to be protective of human health and the environment. EPA has reviewed the Navy’s past HPNS
cleanup reports, applying the current EPA risk model for soil, and found that the Navy’s earlier
soil cleamup work has achieved the cleanup level needed to protect human health and the
environment.

2. Background information

The Department of the Navy (“Navy”) has established, with regulatory approval, radiological
Remediation Goals (R s}, or release criteria, in Records of Degision (ROD’s) for all parcels
(Parcels B, C, D-1,D-2, E, E-2, F, UC-1, UC-2, and UC-3).¢{ th¢ Hunters Point Naval Shipyard
(HPNS), San Francisco, California (See, for example, Nayvy, 2009). These Remediation Goals
are the same as the release criteria listed in Table 1 of thi 2006 dcrion Memorandum for the
HPNS Basewide Radiological Removal Action (Nayy, 2006).

Regulations in the National Contingency Plan{NCP) have defined the protective range of excess
cancer risk as a probability that a person exposéd o radioactive and chemical contaminants will
have an additional one in ten thousand to a one in"4 million chidnce of develtping cancer
(technically known as the 10 to 10-%.cancer risk range};

The U.S. Environmental Protection Agency (USEPA) developed the Preliminary Remediation
Goals (PRGs) for Radionuclides Electronic Cileulator, known gs the “PRG calculator” as one
tool for estimating risk from exposure to radiological contamination (USEPA, 2017).! In
December, 2016, EPA apdated its soil PRG Calculator

The RG’s represent coti¢entrations ghove backgroiind levels, which are determined based on
measurements at referente areas. The activity congentrations of radionuclides in each medium
should then bewompared with site specific:background concentrations of those radionuclides
(i.e., radionuclide contentrations in environtnéhtal média not related to site operations or
releases). See Appendix Aifor more details about (he Hunters Point Naval Shipyard site-specific
approachesito determining background levels.

The Navy uses a #not-to-exceed’ approach'at HPNS and removes soil found above RG’s in its
cleanup actions. “8ee, for example, Parcel B Radiological Removal Action Completion Report,
which describes the'¢lganup “to prevent exposure to residual ROCs in concentrations that
exceeded remediation ‘godls .. ' (Navy, 2012)

Please note that radiological risk from buildings are addressed separately from soil and is not the
subject of this letter and attachment. USEPA Guidance recommends estimating risk from

! Please note: The soil PRG Calculator Users Guide states the following: “This guidance document sets
forth EPA's recommended approaches based upon currently available information with respect to risk
assessment for response actions at Comprehensive Environmental Response, Compensation, and Liability
Act (CERCLA) sites (commonly known as Superfund). This document does not establish binding rules.
Alternative approaches for risk assessment may be found to be more appropriate at specific sites .. . .”
(USEPA, 2017)
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radiological contamination in buildings using the Buildings PRG Calculator, which is a different

model.

3. Site-Specific Factors

The USEPA PRG Calculator Users Guide recommends using site-specific factors:

“Inclusion or deletion of exposure pathways should be based on site-specific
conditions, including but not limited to local hydrology.izeology, potential
receptors, and current and potential future land use, amonyg other factors.
Accordingly, some exposure pathways may not be apipropriate for a given site and
may be deleted; in such cases, the Region should cxplainits justification for doing
so and provide specific supporting data and information t the administrative
record documents that discuss the risk assésgnient (e.g., Baséline Risk
Assessment, RI, ROD, etc.).” (USEPA; 2017)

All Parcels in the HPNS are required to implement {nistitutionglicontrols thatiticlude installing
and maintaining “Durable Covers” on.all Parcels listed above and prohibiting gtowing of plants
for consumption except in raised platiteiss The Navy and City also develop #-plans, which EPA
will review, that ensure the Navy or City will maintain and isispect the cover indefinitely. These
are included in the RODs and the Risk Manageinent Plans for pidividual Parcels. (See, for
example, Navy, 2009, Amended ROD for Parcel B and:Geosyntee :Inc., 2015, Risk Management
Plan for Parcel UC-1 gnd UIC-2). The PRG Calculator sitésspecitic resident equation inputs for
soil incorporate thesg protective'measures.

Theretore, for each radionuelide, the following parameters were determined to be the most
realistic scenatic for calculating the risk values:

1.

Even though the future land use plans for HPNS include residential,
mgdistrial/commercigl;and récigational uses, to be most conservative, the PRG Calculator
site=specific equation inputs assuine a residential scenario, the most sensitive land use.
EPA udés the residential spil exposure scenario as the most protective option because
potential exposure for residents is greater than for worker or recreational exposure
scenarios.

Move to appendix] The “Durable Cover” can be two feet of soil, six inches of asphalt, or
a building foundation. Among these options, the asphalt cover is the form of Durable
Cover that provides the least amount of shielding. Therefore, to be most conservative,
the PRG Calculator estimate assumes an asphalt cover. See, for example, the Parcel B
Remedial Design, which requires the following:

“The newly constructed asphalt pavement cover will extend between the
existing buildings over the site to prevent contact with the potentially
contaminated soil beneath. The asphalt pavement cover will consist of a
minimum 4 inches of ABC [aggregate base course] material and a
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minimum 2 inches of an AC [asphaltic concrete] wear surface, for a total
cover thickness of 6 inches.” (Navy, 2010)

All other Parcels named above have an equivalent requirement of at least this level of
protection. Appendix B has calculations for a six-inch thick asphalt cover to show that it
has equivalent gamma shielding to a 235 cm soil cover {which is approximately @

)

mches). The PRG calculator only allows entries in 10 cm increments, so the estimate

assumes a 20 cm soil cover;awhd
sover; (o be conservative.

[Move 1o appendix] The PRG Calculator equation ingut assumes no inhalation exposure,
due to the Durable Cover requirement that applies:£o all Parcels named above.

The PRG Calculator equation input assumes:no ‘ingestion ofhomegrown produce, due to
the institutional control that applies to all.Parcels named aboveithat prohibits homegrown
plants except in raised beds_with frnpogied soil.

The size of a survey unit is up to 1,000 m*. Section 4.10.5 of the PRG Calculator Users
Guide states the following:

“The RAGS/HHEM [Rizk Assessment Guidanice for Superfund/Human
Health Evaluation Manuall;Part'B3 mnodel assuings that an individual is
exposed to a source geométiy that 18'6tectively ah iafinite slab. The
concept:of an infinite slab means that thé thitkness 6f'the contaminated
zone gnd its aeridl extent are so large that it behaves as if it were infinite in
its physical dimensions. In practice, soil contaminated to a depth greater
than about | 5.cm and with an aerial extent greater than about 1,000 m?
will.create a tadiation ficld comparable to that of an infinite slab. . . . in
most tesidential dettings the dssumption of an infinite slab source
will result in overly conservative PRGs. .. .7 (U.S. EPA. 2017))

allows, and Wceefore 1t 3 the closest fo an infinite plane scenanio that is possible in the
PRG caloudator

An area of 420 acres is assumed because that is the size of the portion of the site thaf is

on land, not under water,
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4. Findings/Conclusions

Using the above site-specific factors, as recommended by the PRG Calculator Users Guide,
Table 1 shows the risk estimate from the current version of the soil PRG Calculator for the ROD
RG’s. The table also estimates the PRG’s at a 10" risk.

Table 1
Residential use PRGs for soil, site-specific factors, realistic scenario®
For concentrations found abeve background levels
Hunters Point Naval Shipyard, San Francisgo, California
[Meed te replace with new Lvadsev calculations 6/12/2017]

A { Formatted Table

Remedintion Kesidentinl
Lsato GoslBRG) ROD R £
(pCimyardts sell-fpCigy
Piﬂ-kb
Cobalt-60-£Co-61) Lodd Gatel 346310
Cesmmr- 131370 b e 8113 200-%10°
Ty v 1 E A 484 310 _é
§.46.X-10°
““““ A
5.90-30.143
4433 1%
136X 19
3.44- X160

i13@,&&1--Ré&k—-ii—-a—E--Raéiéﬁ&@}iée&-(—}i?-Q«s}a%m--we{e--p;—'@@;i—t—-&t—-R@D—-R@
Output-generalod 03FER2017:16:08:33

Notes about the table:

a. This estimate uses‘the default values for the time of day spent indoors vs. outdoors, the
duration of residence at one location, and any other values that are not discussed in the
section in the “Site-Specific Factors” section above. See Appendix C for the full set of
assumptions.

b. The column with “PRGs” mean the concentrations that would be associated witha 1 X
10 risk.

c. The RG’s represent concentrations above background concentrations. See Appendix A
for more information about background concentrations. USEPA’s “Radiation Risk
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Assessment at CERCLA Sites Q&A” states “Site characterization efforts should be
directed to confirming or refuting the presence of the radionuclides of concern in on-site
sources and in environmental media contaminated by releases migrating or being
transported and dumped oftf-site. The activity concentrations of radionuclides (and decay
products, if appropriate) in each medium should then be compared with site-specific
background concentrations of those radionuclides (i.e., radionuclide concentrations in
environmental media not related to site operations or releases), Preliminary Remediation
Goals (PRGs), screening levels, or potential remediation criteria (see Q3). Caution should
be exercised in making these comparisons, since radionuclide concentrations in
environmental media may change over time due to radiggictive decay and ingrowth;
therefore, consideration should be given to the radiogélive half-life of the radionuclides
of concemn and any decay products, and the time pétiod over which risks will be
evaluated.” (EPA, 2014)

d. The Health Physics Society states the follgwing about the healih effects of tritium:

“The beta particle that is emitted by trititimn is considered to be véry weak, having
an average kinetic energy of 6 keV. As a resilt, these pasticular beta'pagticles can
only travel about 6 mm in airbefore they lose theirability to cause ionizations. In
tissue, tritium’s beta particle'{s §o weak that it catnot penetrate the typical
thickness of the dead layer of skin thatexists on the vutside of the human body.”
(Health Physics Society, 2011)

With no ingestigh of nhalation pathway dued mstitutional controls, tritium will
not be expectéd t6 pose ahealth risk.

Using this realistic scenario;the cutrent version of the soil Rad PRG calculator shows that the
risks associated:with Remedial Goals fall within the NCP risk range of 10™ to 108, Typically,
individual suivey unils would Contain two'to four RoC™s. [move to appendix] USEPA found that
in addifien; even if all HPNS RoClg were prescit at the Remedial Goal concentrations, the total
combinéd fisk would also still fall with within the risk range of 10 to 10%.  As a practical
matter, usually.a given survey unit contanis two to four Radioruclides of Concern, so the total
risk would fallibelow this level,

For further context,"Appendix 13 shows similar calculations for these other scenarios:

D.1. Residential suil exposure scenario with no durable cover
D.2. Worker exposure with no durable cover

D.3. Recreational exposure with durable cover
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Appendix A:

USEPA Guidance states the following:

“Background radiation levels will generally be determined as background
levels are determined for other contaminants, on a site-specific basis. In some
cases, the same constituents are found in on-site samples as well as in
background samples. The levels of each constituent are compared to
background to determine its impact, if any, on site- related activities.”
(USEPA, 1997)

Accordingly, at HPNS, workplans describe the proceduies tor determining radiological

background levels based on reference areas. Background Tevils vary from location to location,

depending on what type of materials are under invegtigation. Many:different fill materials were
brought to construct Hunters Point. Additionally;multiple construétivn events have imported
materials that have different background levels. Background is determingd based on samples
collected at reference areas. These are documeétifed in the Radiological Reémioval Action
Completion Reports (Rad RACRs) and the Survey: Unit Project:Report Abstragts (SUPRAs) for
different sections of the site.

[From John: Add the Hunters Point gite spdeific factors iy determining backaround fevels

See, for example, the 2015 Final Work Blin, Basewide Radiologieal Support, which states the
following:

“The reference aten is a geographical ateg of structure ffom which representative
radioactivity medsiitements are performed for comparison with measurements
performed:n an impacted area [ e reference area selected should have physical,
chiemiical’ radiological,"and biologi¢al ¢haracteristics similar to the impacted
arca(s) being inviestigated! [ he referencegiga must not be identified as impacted
by the HRA [Historichl Radiological Assessment].” (Navy, 2015b)

effort found the following:

f—‘-B&e—k—g1f{->aﬂé—-aei—i—@i{v--i%—}if—-QQéRa-,--393&eé—-ea:ﬂ--&he—--meﬂﬁ--(-}?—-t%ie--g{fe—&te—r—-«.—)1"3-&h@--afep«.—ﬁteé--&e—téww

ofthe- 6309.31 kel g.ﬁﬂiﬂd SREFEY- peak m; b}fvmuthﬂ 1442 14BH WA da temimad t{» b«g

l\C'71w"1 This-places-ih gy ot D ST sy

> rado Lo .
FETIs P STR-FeRase-crherioit-ar = L s F 2 t?é
=

afa 2 (Do ’)ﬂi[\"\\
At Pt

oo He

‘Reference baci«;‘round readings consisted of 16 -nunute static ganuna readings {aken

on the hillside of Parcel A and 16 samples collected at vanious arcas within Parcels B, C,
Dhand B .. Resulls for samme’s from the reference areas indicated roean background
activity level of 0.049 pC/g Tor 'V7Cs and 0.22 pCv/g for “PRa.” (Navy, 2011}
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Table A-1 gives a summary of the findings that are presented in more detail in Table 3-3 from
the original document, which appears on the next page.

Table A-1: Concentrations of radionuclides found in reference areas

" Radionuclide of Mean Remedial Background + | isstrsment
Concern background Goal (RG) RG (pCi/g) background:
(pCi/g) (pCi'g) for it
Ra-226 00494057 1.0 1,0492.057 | forusuumen
Cs137 0.049-0.00 7{— — basteground-is
s-13 ‘.U4-4—:--£);2 3 162797 longerthasfos
Se-90 T332 0.1761.48% : psotl-samies
Y235 Goldd then-negatie-oF

zero values can occur. |

Table A-2 Risk estimates assogiated with the above concentrations
using the USEPA PRG Calculator

[NOTE: Will ingert results after finisking calculations]

Radionuclide of Mean Remiedial
E +
Concern background Goal (RG) Background + RG
Ra-226

+

Cs-137
Th-232
U-235
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Appendix B: Converting 2&-inch Asphalt and 4-inch asoresate base course -to a Soil Depth

[Beplace with Dyvodsey’s new calculations 6/12/20171

The basic shielding calculation is:

Ip = Ige7#Lt
Where Ir1s the final intensity of radiation,
Io is the original intensity of radiation
pr is the linear attenuation coefficient of the material
attenuating the radiation, and
t is the thickness of the attenuator

If we divide by o, we get the fraction of intensity that lias beett attenuated when passing through
a specific absorber of a specitic thickness (t).

I_f B e“.”th
0

If we use soil, the fraction of intensityequation wonld loek like the following:

T
dool & "t soilsoil
Io,wil

Likewise, if we use agplialt, the fraction of inténsity equation would look like the following:
M — e“"f”’L,asphalttasphalt

Io,asphalt
For Huntet s Point. we want to détérmineé hiowmuch seil would give us the same fraction of
intensity 48 6inches of*asphalt. T'6 determine the dépth of soil needed, we will set both the
fraction'vfintensity of soil and asphaliequal to each other as followed:

If,sm‘[ o If,asphalt

e'ﬂL,soiltsmt = = g HMLasphaltlasphalt

Io,soil 4 Il),asphalt
1f we cance] vuit the intensity fraction, this would give us:

eHLsoittsoil — e:uL,asphalttasphalt

To eliminate the exponential, we multiply each side by natural log of each side.
ln(eﬂL,soiltsoil) = ln(eﬂL,asyhalttasphalt)

This would give us:
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Ui soittson = .uL,asphalLtasphalt

It we solve to tsi, this would give us the equation needed to determine the depth of soil needed
to equal 6 inches of asphalt.

;= ﬂL,asphalttasphalt
tsoil -
ML,Soil

In order to solve the above equation, we must know the linear attenuation coefticient for soil and
asphalt. The linear attenuation coefficient is determined by specific energies. If we look at a
lower energy such as 0.186MeV for Ra-226, we get the followitig

- #L,asphalttasphcslt
tsoil -
ML,sofl
where the tasphar=0 inches'= 15.24 cm

UL, asphalt 7 1.307 cm!
UL 501l = 0.195 Cn’l_1

0307 cm™ ' % 1524 cm
0.195 cm™?

tsoil =
tgm'l = 23»99
If we look at a higherénerey suchias 2.614MeV for 11<208,; we get the following:

g i 0.0916em. ' x 15.24cm
sl 0.0541.cm-1

tSDil = 2579
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Appendix C: PRG Calculator Site-Specific Resident Equation Inputs for Seil
This receptor spends most, if not all, of the day at home except for the hours spent
at work. The activities for this receptor involve typical home making chores
(cooking, cleaning and laundering). The resident is assumed to be exposed to
contaminants via external radiation from contaminants in soil.

Becidont Eguntion Inputs for Sol

Wariable Vahe
TP' fargel cancsy fad) weiliess {0681

tﬂrw mge*"imv ra’sﬂ
ane-aiusiad ey inge
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Resident Equation Inputs for Soil
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Site-Specific
Resident Equation Inputs for Soil
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Appendix D: Risk estimates and Preliminary Remediation Goals (PRG’s) associated with

other scenarios

As additional background information for context, below are results showing risk estimates and
Preliminary Remediation Goal (PRG) levels for different scenarios:

D.1. Residential soil exposure scenario with no durable cover

D.2. Worker exposure with no durable cover

D.3. Recreational exposure with durable cover
Details appear below. Note that PRGs refer to concentrations found above background levels.
D.1. Residential soil exposure scenario with ne durallé cover

This receptor spends most, if not all, of thé day at home ¢xeept for the hours
spent at work. The activities for this receptorinvolve typical home miaking chores
{cooking, cleaning and laundering) as well as gardening. The resident'is ggsumed to be
exposed to contaminants via the following pathways: incidental ingestion of soil,
external radiation from contaminants in soil, and 1halation of fugitive dust. Adults and
children exhibit different ingestion rates for soil. Forigxamiple, the child resident is
assumed to ingest 200 mg per day whilé the.adult ingests 100 mg per day. To take into
account the different intake rate for childrery'anihadults, age adjusted intake equations
were developed to account for changes i intake as the receptot dges.

[Insért Summary Table of PRGs and Risks]

D.2. Construction Weorker exposure with ne durable cover

Thig 15 4 lotig-term redeptor exposgd during the work day who is a full time
employée working 6ti-site and'who spends'tiost.of the workday conducting maintenance
activities outdoors. The activities forithis receptor (e.g., moderate digging, landscaping)
typicallyinvelve on-site exposures to surface soils. The composite worker is expected to
have an elevated soil ingestion rate (100 g per day) and is assumed to be exposed to
contaminants via the following pathways: incidental ingestion of soil, external radiation
from contaminants in soil, inhalation of fugitive dust . The composite worker combines the
most protective exposure assumptions of the outdoor and indoor workers. The only
difference between the'autdoor worker and the composite worker is that the composite
worker uses the more protegtive exposure frequency of 250 days/year from the indoor
worker scenario.

[Insert Summary Table of PRG’s and Risks]
D.3. Recreational exposure with durable cover
This receptor spends time outside involved in recreational activities.

[Insert Summary Table of PRG’s and Risks]
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